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In  1911  Forssman  (1) refuted  the theory  of the  specificity  of antibodies  which
had been generally  admitted  since the discovery  of  bacteriological  antibodies  by
Pfeiffer  and  of  hemolysins  by  Bordet.  Forssman  demonstrated  that  rabbits
immunized  with organs of the guinea pig produced a hemolysin against  sheep red
blood corpuscles.  The hemolytic  serum thus obtained  possessed  greater  hemo-
lytic power for sheep red corpuscles than  for those of the guinea pig.  The  mini-
mum hemolytic  dose  for sheep  red corpuscles was 0.001  cc., and  for those of the
guinea pig,  0.03  cc.  It  was  afterwards  found that the antigen-producing  sheep
hemolysin was found in other animals as well as in the guinea pig, i.e., horse,  cat,
dog, mouse, hen, pigeon, turtle,  toad (Bufo), carp, tench, pike, and eel, and in the
cells  of  some bacteria  (Bacillus paratyphosus B and  Gartner's  bacillus).  Forss-
man's finding that the antigen-producing heterogeneous sheep hemolysin is present
in the organs  of animals has been  confirmed by Orudschiew  (2) in serum, and by
Doerr and Pick (3)  in urine, into which it passes from the cells of the organs.  Ac-
cording to Doerr and Pick  (4), it is not found in the red corpuscles  of  these  ani-
mals.  Orudschiew, who first studied the problem, came to this conclusion because
after immunizing rabbits with guinea pig red corpuscles he obtained serum contain-
ing hemolysin  for guinea pig red  corpuscles but not for sheep  corpuscles.  Doerr
and Pick (5) state that an inverse  relation exists, as a rule, between the organs of
the  animal  and  the  red  corpuscles.  When  the  organs contain  the  antigen,  the
red  corpuscles  do  not  (horse,  guinea  pig, dog,  mouse'),  and  vice  versa (sheep).
Morgenroth  (6)  held  the  same view.  Friedberger  and  Schiff  (7) state  that  one
of three  rabbits immunized  with  human  red  corpuscles  produced  a  serum  that
dissolved  sheep  red corpuscles  in a dose  of 0.01 cc.;2  but apparently  Friedberger
did  not attach  much value to this  one  positive experiment,  because  in his later
works  (8,  9)  human  red  corpuscles  are  not  mentioned  as  containing  hetero-
geneous  antigens.
1 In another work Doerr and Pick (4)  added the hen and the turtle to this list.
2 The other two rabbits produced a serum of  which the minimum  dose did not
exceed that of a normal animal;  moreover,  the authors do not cite protocols,  and
one cannot see whether the hemolysis in the only positive experiment (at 0.01 cc.)
was  complete or  partial.
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My experiments  show that the connective  tissue  of animals  (fat of
guinea pigs)  possesses  an  antigen-producing  hemolysin against  sheep
red corpuscles.  This fact, in connection  with the works  of Doerr and
Pick  (5)  demonstrating that the heterogeneous  sheep antigen found in
animal organs was a nucleoprotein,  made  me believe that the cells not
deprived of  a nucleus, for  example  the red  corpuscles  with a nucleus
derived from the same mesoderm as the connective  tissue,  should also
contain heterogeneous  sheep antigen when the organs of the same ani-
mal  possess  it.  The  experiments  confirmed  this  hypothesis.  The
experiments  were made with red corpuscles  of the hen, whose  organs,
as shown by Doerr and Pick, contain a heterogeneous  antigen-produc-
ing hemolysin against  sheep red corpuscles.
EXPERIMENTAL.
Hen red corpuscles  were washed  three times in physiological salt solution.  To
the  sediment left  after  centrifugation  was  added  an  equal part of salt solution,
and  the mixture was injected into rabbits.  The serum was  inactivated  at 560  C.
for  hour.  Its hemolytic  power was titrated in the presence of 0.1 cc. of guinea
pig complement,  which by itself is unable  to cause  hemolysis, and of 1 cc.  of a 5
per cent  suspension  of the sediment  of the  sheep red blood corpuscles,  in a total
volume of 3 cc.  The tubes  were kept at 370  C.,  and the result  of the  experiment
was read after  1 hour.
Rabbit 1.--Weight 1,625 gm.  Jan. 8, 1.5 cc.3 of hen red corpuscles  injected into
the ear vein.  Jan. 15,  1.2 cc. injected.  The hemolytic power of the serum tested
on Jan.  22 and 26 was identical.  0.01  cc. produced complete hemolysis of sheep
corpuscles;  0.005  cc.,  almost complete hemolysis.
Rabbit 2.-Weight 1,285 gm.  Jan. 24,  2.0 cc. of hen red corpuscles injected into
the  ear vein.  Jan. 31, 5 cc. injected into  the abdomen.  Hemolytic  power: Feb.
8,  0.001  cc., complete  hemolysis of  sheep corpuscles;  0.0008  cc.,  almost complete
hemolysis.
Rabbit 3.-Weight  1,775  gm.  Jan.  24, 3.0  cc.  of  hen red  corpuscles  injected
into  the  ear vein.  Jan.  31,  2.5 cc.  injected  in two  doses, first  0.25  and  after 
hour,  2.25  cc.  Hemolytic  power:  Feb. 8, 0.002 cc.,  complete hemolysis of  sheep
corpuscles; 0.0016 cc., incomplete hemolysis.
Rabbit 4.-Weight  1,370  gm.  Jan.  24,  2.0  cc.  of hen red  corpuscles  injected
into  the  ear  vein.  Jan.  31,  2.5  cc.,  in  two  doses.  Hemolytic  power:  Feb.  8,
0.00125 cc.,  complete hemolysis of sheep corpuscles;  0.0011 cc., incomplete hemol-
ysis.
Rabbit 5.-Weight 1,220 gm.  Feb. 24, 2.5 cc. of hen red corpuscles injected into
the ear vein.  Mar. 2, 2.0 cc., in two doses.  Hemolytic power: Mar.  10, 0.001 cc.,
complete hemolysis of sheep corpuscles; 0.0008  cc., incomplete hemolysis.
3  Quantity  of sediment.
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Rabbit 6.--Weight  1,155 gm.  Feb. 24, 2.5  cc. of hen red corpuscles injected in-
travenously.  Mar. 2, 2.0 cc., in two doses.  Hemolytic  power: Mar.  10, 0.0025 cc.,
complete hemolysis  of sheep corpuscles;  0.002  cc.,  almost complete  hemolysis.
Rabbit 7.-Weight  1,510  gm.  Feb.  24,  1.5  cc.  of hen red  corpuscles  injected
intravenously.  Mar. 2, 2.5  cc.  Hemolytic power: Mar.  10, 0.00125  cc.,  complete
hemolysis  of sheep corpuscles;  0.0011  cc.,  almost complete  hemolysis.
TABLE  I.
No. of rabbit.  1  2  3  4  5  6  7
cc.  cc.  cc.  cc.  CC.  cc.  cc.
Hemolytic  power of
serum ............  0.01  0.001  0.002  0.00125  0.001  0.0025  0.00125
In Table I  are indicated  the minimal doses  of serum of each  rabbit
that gave complete hemolysis of sheep red corpuscles.
The protocols show that hen red corpuscles  contain the same heter-
ogeneous  antigen-producing  hemolysin against  sheep red corpuscles  as
the organs of  this animal.  At any rate the quantity of heterogeneous
antigen  in the  red  corpuscles  of the hen  is not  less  than  that in  its
organs,  and  the  heterogeneous  sera  obtained  possess  a high  hemo-
lytic power.  I  believe  that these  experiments invalidate  the law  of
Doerr and Pick.
The  organs  as  well  as  the red  corpuscles of  the  same animal  may
contain heterogeneous  antigen;  if it  is not found, however, in the red
corpuscles of mammals whose organs possess it, this may be attributed
to the absence of a nucleus  containing  a  large amount of nucleoprotein
of  cellular body.  It  is possible  that the heterogeneous  antigen  may
be  found  also  in the  red  corpuscles  of  the pigeon,  turtle,  and  toad.
According  to Amako  (10),  the organs  of  these  animals  also  contain
heterogeneous antigens.
The paradoxical nature of  heterogeneous  hemolytic  sera is evident
from these experiments.  This refers to the fact that the heterogeneous
sera possessing a high  dissolving action  on sheep red  corpuscles  con-
tain a very small quantity of hemolysin  against the red corpuscles  of
the species whose  organs were used as antigen.
1 cc.  of  the hemolytic sera  used  contained  about  1,000  hemolytic
units  against  sheep  red  corpuscles  (Table  I),  but they  were  almost
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inactive  against hen red  corpuscles  from which  they
.(Table II).
TABLE  II.
No. of  0.1 cc.  0.02 cc.  0.01 cc.
rabbit.  of serum.  of serum.  of serum.
2  Tr.*  Tr.  Tr.
3  I.  "  "
4  Tr.  if  "
5  "  "
6  cc  i
7  cc  i
were  produced 4
*In  the tables  Tr. indicates  trace of hemolysis; I.,  incomplete hemolysis;  SI.,
slight hemolysis; N., no hemolysis; C., complete hemolysis.
The experiment  was made as follows: 3 cc. of liquid in each tube, in the presence
of 0.1 cc.  of guinea  pig complement  (which  alone is unable to hemolyze  hen red
corpuscles) and of 1 cc.  of 5 per cent suspension of hen red corpuscles washed three
times.
The almost  complete  absence  of  hemolysins  in  the red  corpuscles
of  the  hen  which  had  furnished  the  antigen,  and  the formation  of
hemolysin  against  the red  corpuscles  of  an animal  of another species
(sheep)  disprove  more  forcibly  the  theory  of  the specificity  of  anti-
bodies than did  the phenomenon  of  the simultaneous presence of  the
specific  antigen  and  an accidental  one  (common  to different  animals
and bacteria)  inside  the cell.
4A number of sera from normal rabbits were treated.  Their power of dissolving
hen red corpuscles was as follows:
Normal rabbits.  0.1  cc.  0.3 cc.  0.5 cc.  0.7  cc.  1.0 cc.
1  I.  I.  I.  Almost  C.  Almost  C.
2  t  II.  I.
3  Tr.  Tr.  Tr.  Tr.
4  I.  I.  I.  I.  Almost  C.
5  "  "  I.
Therefore,  0.1  cc.  given  to  four  normal  rabbits  produced  even  a  stronger
hemolysis than when  given to immunized animals.  Yet  0.02  and 0.01  cc. never
showed  any  trace  of  hemolysis.  This  fact  did  not  allow  me  to  disprove  the
presence  of immune hemolysins against hen red corpuscles.
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These  facts were  discovered  by Forssman,  but neither  he  nor the
other workers  who  studied  the problem of  heterogeneous  hemolysins
insisted  upon  it  sufficiently.  Forssman  noticed  that  his  sera  pro-
duced by rabbits which  had been immunized with guinea pig  organs
contained  in  1 cc.  200  and  1,000  hemolytic  units against  sheep  red
corpuscles,  and only 25 to 30 units  against guinea pig red  corpuscles;
but he stated that the hemolysin against  sheep red corpuscles was the
principal one,  and  that the other,  against  guinea pig red corpuscles,
was  accessory.  In my experiments  the accessory  hemolysin has not
been definitely discovered,  because  even 0.1  cc.  was  unable  to  hem-
olyze  completely  one  unit of hen red corpuscles  (Table II).
Thus the fact established by Forssman becomes particularly salient
in connection with the heterogeneous  sera that I obtained.  Moreover,
the use of  animal organs  for immunization  may suggest  the objection
that the absence  or  slight  formation  of  homologous  hemolysins  was
due to  the  organ  specificity  of the antigen.  With red corpuscles  the
question of organ  specificity  is excluded.
The question therefore  arises:  What if the antigenic  action of hen
red  corpuscles  were  only  an  exception?  Could  we  not  explain  the
absence  of  specific  hemolytic  antigen  in hen  red corpuscles  by  their
having  lost  all receptors  of  their  species,  such  as,  for instance,  the
crystalline  of  adult  animals?  The  following  experiments  contradict
this hypothesis.  Hen red  corpuscles  derived  from specific hemolytic
antigen  possess  specific  agglutinogens.  After  immunization  of.rab-
bits a great quantity of  agglutinin  to hen red  corpuscles was  formed
in the serum  (Table III).
TABLE  III.
No, of  0.01  0.002  0.001  0.0002  0.0001  0.00005  0.00002  0.0000125  0.00001  0.000005
abbit.  cc. of  cc. of  cc. of  cc. of  cc.  of  cc. of  cc. of  cc.  of  cc.  of  cc.  of
serum.  serum.  serum.  serum.  serum.  serum.  serum.  serum.  serum.  serum.
2  +  +  +  +  +  +  +  +  +  -
3  +  +  +  +  +  S1. +  -
4  +  +  +  +  +  S. +  -
5  +  +  +  +  +  +  +  +  +  -
6  +  +  +  +  +  ++  +  +  +  +  + 
7  +  +  +  +  +  +  +  -
0.2 cc.  of  a 5 per cent suspension  of hen red corpuscles  was  added to  1 cc.  of
serum dilution;  the  tubes were  kept at 370 C.  for  2 hours and  then on  ice  until
morning.
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The sera in question contain not only heterogeneous hemolysins but
also heterogeneous agglutinins  (Table IV).
TABLE  IV.
No. of  0.1  0.02  0.01  0.003  0.002  0.00125  0.001
rabbit.  cc.of  cc. of  cc.  of  cc. of  cc. of  cc. of  cc. of
serum.  serum.  serum.  serum.  serum.  serum.  serum.
2  ±  +  +  +  +  Si. +
3  +  +  +  +  -
4  +  +  +  +  +  Sl.+  -
5  ±  +  +  +  +  -
6  +  +  ±  +  Si.  -
7  +  +  +  +  -
The experiment with sheep red corpuscles was carried out like that of Table III.
Forssman  and  Hintze  (11)  several  times  found  small  quantities'
of agglutinin to sheep red corpuscles in sera of rabbits immunized with
guinea pig organs.  Doerr and Pick (4) state that most of the heter-
ogeneous sera that they obtained  from rabbits immunized with horse
or  guinea  pig  organs  were  devoid  of  hemagglutinins;  in  another
place  (5) they state  that all  the sera produced by rabbits immunized
with horse organs were devoid  of agglutinins  to sheep  red  corpuscles.
Considering,  however, that  heterogeneous  sera  of  rabbits immunized
with hen red corpuscles always possess heterogeneous  hemagglutinins,
one must reject the statement of Doerr and Pick (4)  who thought that
the  absence of  agglutinins in heterogeneous  sera was one  of the char-
acteristics  distinguishing  them  from  homologous  sera.  The  differ-
ence in  the results  of  Forssman's  experiments  and mine  on the  one
hand,  and  Doerr  and  Pick's  on the  other,  may  be explained  by  the
fact that some  heterogeneous  sera  (immunized with horse organs)  are
totally  devoid  of  hemagglutinins,  some  possess  them  accidentally
(immunized with guinea pig organs),  and  some,  such  as the sera that
are the special objects of this investigation, always contain agglutinins
to  sheep  red  corpuscles.  The latter  sera,  produced  by rabbits  im-
munized  with  hen  red  corpuscles,  possess  less  heterogeneous  agglu-
tinins,  however,  than heterogeneous  hemolysins  (Tables  I and IV).
*  The quantity is not exact.
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Heterogeneous  sera of rabbits, immunized  with hen red corpuscles,
do not contain a hemolysin against the  red corpuscles  of  the ox,  like
the heterogeneous  sera studied by earlier authors  (Table  V).
TABLE  V.




5  No  hemolysis.  No hemolysis.  No hemolysis.
6
7
The experiment with red corpuscles  was carried out like that of Table I.
Like the  heterogeneous  sera  studied  earlier,  the  hemolytic  sera  of
rabbits  immunized  with hen  red  corpuscles  are  toxic  to guinea  pigs
and kill them, with the clinical picture  of anaphylactic  shock.
Serum 2.-A  guinea  pig weighing  265  gm. was  injected with  1 cc. of  serum,
into the jugular vein.  Death followed in 5 minutes.  30 seconds after the begin-
ning  of  the experiment  the guinea pig appeared  to have a  chill;  convulsions  fol-
lowed  and  the  animal fell  on its side; in  this  position were  observed  tonic  and
clonic convulsions  of the extremities,  shortness  of breath, and loss of reflexes.  A
foaming  serous  liquid,  not tinged with blood,  came from  the mouth and nostrils.
Autopsy: thrombus in heart cavity and vessels,  and in the vena cava inferior; the
lungs  were inflated,  covering  a large part  of the heart; no  lung hemorrhage;  the
lungs on section  showed a foaming serous liquid.
A guinea pig weighing  170 gm.  received 0.5 cc. of serum into the jugular vein.
Death followed in  6.5 minutes.  There was the same clinical  and anatomical  pic-
ture  as in the preceding case.
A guinea pig weighing  170 gm.  received 0.3 cc. of serum into the jugular vein.
Death followed after 5.5 minutes.  The  same clinical  and anatomical picture.
A guinea pig weighing  170  gm. received  0.1  cc. of serum into the jugular  vein.
The only effect observed was  a brief chill.
Serum 3.-A guinea pig  weighing  185  gm.  received  1  cc.  of  serum into  the
jugular vein.  Death  followed  after  7 minutes.  Clinical  picture  as in  the  pre-
ceding  cases.  Autopsy:  thrombus  in the right heart and vessels;  lungs  inflated,
edematous,  slight  hemorrhage.
A guinea pig weighing  150  gm. received 0.3  cc.  of serum into the  jugular vein.
The only effect  was a brief chill.
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Serum 4.-A  guinea  pig  weighing  260  gm. received  1 cc.  of  serum into  the
jugular vein.  Death after 3.5 minutes.  Clinical picture as in the preceding cases
but  without  foaming  liquid.  The  same  anatomical  changes  as  in  the  animals
killed  by  Serum  2,  but  the  lung  inflation  was  insignificant  and  there  was no
edema.
A guinea pig weighing  175 gm.  received 0.5 cc. of serum into  the jugular vein.
Death followed after 5 minutes.  The same clinical picture as in the animals killed
by  Serum  2.  Autopsy:  thrombus  only  in  the right  heart  and  vessels;  lungs
slightly inflated, edematous.
A guinea pig weighing  170 gm. received  0.3  cc.  of serum into the jugular vein,
with no  effect.
Heterogeneous  hemolysins  of rabbits immunized with hen red cor-
puscles  can be bound with  their antigen  (Table VI).
TABLE  VI.
Experiment of binding hen  red
corpuscles  with  homologous
No. of  0.01  0.003  0.002  serum No  8.
Date.  cc.  of  cc. of  cc. of
serum.  serum.  serum.  0.01  0.003  0.002
cc.  of  cc. of  cc  of
serum.  serum.  serum.
Mar.  5  2*  N.  N.  N.  C.  I.  Tr.
4*  II  99  It
St  I.  Tr.  Tr.
"  10  6t  Tr.  "  "  Almost C.  I.
7t  ...
* A  suspension  was  used  of  3  cc.  of  hen  red  corpuscle  sediment  in  10  cc.  of
physiological  salt solution.
t  A suspension  was  used  of  3  cc.  of  hen  red  corpuscle  sediment  in  20  cc.  of
physiological  salt solution.
The experiment was carried out as follows: A  suspension of hen red corpuscles
was freed of serum by washing and was mixed with equal parts of heterogeneous
hemolysin prepared in the proportion of  1:50; the mixture was kept at 370C. for 1
hour,  then centrifuged.  The hemolytic  power of the liquid against hen red  cor-
puscles  was tested at 370  C. during 2 hours.
The kidneys of the hen, which according to Doerr and Pick contain
heterogeneous antigens, also bind the hemolysins in question,  but less
completely  (Table VII).
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TABLE  VII.
Experiment of binding suspension of
hen kidney with homologous
Date.  Noa of  0.01  0.003  0.002  serum No.  8. Date.  rabit.  cc. of  cc.  of  cc. of
serum.  serum.  serum.  0.01  0.003  0.002
cc. of  cc. of  cc. of
serum.  serum.  serum.
Mar.  12  S  C.  Tr.  Tr.  C.  Almost  C.  I.
6  I.  "  "
The experiments  were carried out in the same way as those of Table VI.  The
kidney suspension was prepared in the proportion of 3 gm. to 20 cc. of physiologi-
cal salt solution.
The  antigen found in guinea pig organs and producing  heterogen-
eous  hemolysin  against  sheep  red  corpuscles  reveals inconstant  rela-
tions in binding hemolysins produced by rabbits immunized  with  hen
red  corpuscles  (Table  VIII).
TABLE  VIII.
Experiment  of binding  suspension  of
guinea  pig kidney with homologous
Da  Not of  0.01  0.003  0.002  serum  No. 8. b.  it  cc.  of  cc. of  cc.  of
serum.  serum.  serum.  0.01  0.003  0.002
cc. of  cc. of  cc.  of
serum.  serum.  serum.
Mar.  5  2  C.  C.  I.  C.  I.  Tr.
4  i  I.  Tr.
t10  5  I.  Tr.  "  "i  Almost  C.  I.
6  Tr.  i
7  cc 
The experiments were carried out in the same way as those of Table VII.
The  experiments given in Table VIII show that the heterogeneous
antigen of guinea pig kidneys sometimes can be bound with the hemo-
lysin in question in the same degree as the antigen of hen red corpuscles
(Nos. 5, 6, and 7); in other cases the binding is very weak (No. 4) or is
entirely absent  (No. 2).
The reason for this inconstant binding of the heterogeneous  hemoly-
sin in  question  with  a  suspension  of guinea pig kidneys is not  clear.
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The circumstance  that the antigen used was not the same  one which
had generated the hemolysin may be of some importance.  Further, it is
possible that we have to deal with a phenomenon  noticed by Bail and
Margulies  (12), who state that in 40 per cent of the experiments guinea
pig organs  do  not  bind  the hemolysin  at all  or do  so weakly.  My
experiments  in binding  the  homologous  hemolysin  No.  8  (the  right
hand columns of  Tables VI, VII, and VIII) with different heterogen-
eous  antigens  agreed  with  the  observations  of  previous  authors  be-
cause  the binding between  that homologous hemolysin  and  the anti-
gens  of  hen  red  corpuscles,  and  hen  and  guinea  pig  kidneys  was
not significant.
The  experiments  in Table IX were undertaken  to ascertain  the re-
spective part of absorption and specific binding of the antibodies con-
tained in the sera used.
TABLE  IX.
Sera after incubation with hen  Sera after incubation with suspension  of
red corpuscles.  guinea  pig kidney.
No. of
serum.  0.01  0.002  0.001  0.01  0.002  0.001  0.0002  0.0001  0.00005
cc. of  cc. of  cc. of  cc.  of  cc.  of  cc.  of  cc. of  cc. of  cc.  of
serum.  serum.  serum.  serum.  serum.  serum.  serum.  serum.  serum.
2  +  S1. +  - +  +  +  +  +  S.  +
4  +  Sl.  +  - +  +  +  S.  +  -
5  +  - +  +  +  +  +  Sl.+
6  S. +  - - +  +  +  +  +  -
7  +  - - +  +  +  +  +  -
The sera used  were prepared  in the same way  as in the  experiments  of Tables
VI and VII.  1 cc. of the serum dilution was mixed with 0.2 cc. of a 5 per cent sus-
pension  of hen  red  corpuscles;  the tubes  were shaken  and kept  at 370  C.  for  2
hours, then on ice until morning.
In  this  way  was  determined  the  quantity  of  hemagglutinins  re-
maining after treating the serum (1)  with hen red corpuscles possess-
ing  both heterogeneous  antigen  (hemolysin  against  sheep  red  cells)
and  homologous  specific  antigen  (hemagglutinogen),  and  (2)  with  a
suspension  of guinea pig kidneys containing  only heterogeneous anti-
gen, producing a hemolysin against sheep red corpuscles.
From the quantity of  hen hemagglutinins  left, we are able  to deter-
mine  the relative  importance of  absorption  (treating  with guinea pig
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kidneys deprived of hen agglutinogen)  and of specific elective binding
between  antigen  and antibody  (treating with  suspension  of  hen red
corpuscles).
From  Table  III  and  the  right  hand  columns  of  Table  IX  the
intensity  of  the  phenomenon  of  absorption  is  seen,  as  it  has  the
power to  deprive  the serum  of nine-tenths  of  its agglutinins.  From
Table  III  and  the  left  hand  columns  of  Table  IX  one  can  infer.
that the elective affinity  between  antigen and antibody is very great;
it leaves  in the  serum  only 0.001  (Nos.  2,  5,  and  7),  0.002  (No.  6),
and  at  the most  0.005  (No.  4)  of  its  antibodies.  Therefore,  com-
paring  the right  and  left hand columns  of Table IX, we must assign
the most important part to the specific elective affinity between anti-
gen and antibodies; however, we should not lose sight of the part that
non-specific  absorption  plays  in the  presence of  a suspension  of  ani-
mal organs.
It is evident that heterogeneous  hemolysins have been obtained by
means  of  non-toxic  antigen,  such  as hen red  corpuscles  injected into
the veins of rabbits.  This refutes the theory of Friedberger and Schiff
who  attributed  the antigenic  value  of  a  suspension  of  organs  to its
toxic character.
The following  experiments prove  that the connective  tissue of ani-
mals  (guinea  pigs)  contains  heterogeneous  sheep  antigen.  The fatty
tissue  enveloping  the  intestines  and  kidneys  of  an  exsanguinated
guinea pig was rubbed and washed  three times with physiological  salt
solution  to remove  every  trace  of  serum.  In this condition the adi-
pose tissue becomes a strictly connective  tissue deprived of any other
textile  element of the organism,  except the nerve ramifications.
Rabbit A.-Weight  1,590  gm.  Oct.  26,  0.3 gm.  of fat  injected  into the  vein
and  1 gm. into the  abdomen.  Nov. 5,  1 gm.  of fat injected  into  the abdomen.
Hemolytic power of the serum against sheep red corpuscles: Nov. 5,  0.01 cc., com-
plete hemolysis; 0.003 cc., incomplete hemolysis; Dec. 13, 0.01 cc., complete hemol-
ysis; 0.0025  cc., incomplete  hemolysis.
Rabbit B.-Weight 1,260  gm.  Jan.  8, 0.2 gm. of fat injected into the vein  and
0.8  gm.  into  the  abdomen.  Jan.  17,  1.5  gm.  of fat injected  into the abdomen.
Hemolytic  power:  0.01,  0.003,  and  0.0025  cc.,  complete  hemolysis  of sheep  cor-
puscles; 0.002  cc., almost complete hemolysis.
Bail  and  Margulies  supposed  that the connective  tissue  possessed
heterogeneous  hemolytic  antigen  but  quote no experiments  to prove
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it.  The  experiments  described  above  fully  demonstrate  that  the
connective  tissue possesses  heterogeneous hemolytic antigen.
Bail and Margulies not only thought that the connective  tissue pos-
sessed heterogeneous  antigen;  they  supposed that the faculty of  pro-
ducing  heterogeneous  hemolysins,  proper  to  organs  of  animals,  was
entirely due  to the contents  of  heterogeneous  antigen  in  the stroma
of  connective  tissue.  I undertook  some  experiments  hoping to solve
the problem  by producing  degeneration6 of the parenchymatous  cells
of  the  organ  (kidney).  Rabbits  were  immunized  with degenerated
guinea pig organs,  as it was  thought that  a strong diminution  in the
production  of heterogeneous  hemolysin would disprove the hypothesis
of Bail and Margulies,  because  it would prove  the antigenic value  of
the epithelial cells of the organ,  which were excluded  by degeneration.
Unfortunately,  the method  failed.  First,  the animals  withstood the
immunization  badly,  and  most  of  them  died.  The  decrease,  there-
fore,  in the production  of  antibodies may have been  due to  cachexia
of  the rabbits rather  than to any loss of  antigen  in the parenchymal
cells injected.  Besides,  the histological  picture  of  the kidneys  after
such  injections  was a very  inconstant  one;  degeneration  or  necrosis
was  present in the convoluted  tubules  only, not  in the straight ones;
all the epithelial  elements  of  the  kidney  became  degenerated,  and
only  the  stroma  and  the glomeruli  were  morphologically  unaltered.
It is therefore  impossible to draw any conclusion.
As  they  believe  that only  the  connective  tissue possessed  hetero-
geneous antigen,  Bail and Margulies undertook  to prove that this an-
tigen  should  be  found  in  the  organs  of  even  those  animals  which
were  supposed  not to have it, because the connective  tissue,  being  a
slightly differentiated  formation, possesses  identical characteristics  in
every  animal.  If,  nevertheless,  many  animals  never  reveal  hetero-
geneous antigen, that may be explained by the serum coming into con-
tact with the heterogeneous  antigen  and  binding it.  Bail and  Mar-
gulies believe that they succeeded in proving this hypothesis by their
experiments.  They  bound  heterogeneous  antigens  in organs  of  ani-
mals which possess  them, by sera of  animals which do not.  But the
results of the method they adopted are inconstant,  as is evident from
6 1 cc. of saturated sublimate solution  was injected subcutaneously.
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the  tables and  protocols  of  their article.  It therefore seemed  neces-
sary  to choose  a  more  certain  way,  such  as  the immunization  of an
animal  with a mixture of  an organ  containing  heterogeneous antigen
with the serum of an animal whose organs do not possess heterogeneous
antigen.
The procedure  was  as follows:  Guinea pig kidneys  were ground fine  in physio-
logical salt solution,  10 gm. of organ  to 14  cc. of solution.  The  suspension  was
filtered through muslin and was mixed with rabbit  serum, 2 cc.  of suspension to 4
cc. of  serum.  The mixture was kept  at  370C. for  2 hours and was then  injected
into rabbits.
Rabbit A.-Weight  1,350 gm.  Oct. 13,  3  cc.  injected intravenously.  Oct.  20,
5 cc. into the abdomen.  Hemolytic power: Oct. 20, 0.006 cc.,  complete  hemolysis
of sheep  corpuscles; 0.005 cc., incomplete  hemolysis;  Oct. 29,  0.002  cc.,  complete
hemolysis;  0.0016 cc., incomplete hemolysis.
Rabbit B.-Weight 1,860 gm.  Oct. 26, 10 cc. injected into the abdomen.  Hemo-
lytic power: Nov. 5, 0.003  cc., complete hemolysis of sheep corpuscles; 0.0025 cc.,
traces of hemolysis.
These experiments prove that a suspension of guinea pig organs con-
serves  the faculty  of  producing hemolysins after a  contact of 2 hours
with the serum of a rabbit whose organs are deprived of heterogeneous
antigen.  In consequence,  the  serum  is unable  to deprive  the organs
of animals of  their hemolytic antigen by its contact, and the absence of
heterogeneous antigen in some  species of animals cannot be explained
by the neutralizing  power  of its serum.
SUMMARY.
Red  corpuscles  with  nuclei  contain  heterogeneous  sheep  antigen
when the organs  of the same animal possess it.
The sera in question contain not only heterogeneous  hemolysins but
also heterogeneous  agglutinins.
The hemolytic sera  of rabbits immunized  with hen red  corpuscles
are toxic to guinea pigs and kill them, the clinical picture being that of
anaphylactic shock.
Heterogeneous  hemolysins  are obtained by means  of non-toxic anti-
gen  (hen red  corpuscles injected  into veins of  rabbits).  This fact re-
futes the theory of Friedberger, who attributed the antigenic power of
a suspension  of  organs to its toxic character.
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